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Synopsis 

\ ; 

Thin films of metals, dielectrics and semiconductors are \ ’ 

\ i 

extensively used in the fabrication of electronic devices » For ^ 

! i 

example thin film resistors and capacitors are used in hybrid ' 

circuits. Ifetallisatfejn forms an important process step in the \ 

1 ; 

manufacture of Integrated Circuits, The film thickness as well as \ • 

II 

the rate of formation of the film play impprtant roles in controlling li 

1 1 

the performance of these devices. Thus, the measurement and control j; 

I 

of these parameters while the film is being formed becomes essential, [ 

I 

thesis deals with the design and fabrication of thickness | 

and rate monitor based on the quartz crystal oscillator technique. \ 

\ 

This method combines simplicity and high sensitivity for mass measure- | 
ments . The principle consists in measuring the frequency change of 
an oscillator caused by the deposition of mass on a quartz crystal j [ 
vdiich controls the oscillator frequency. [ 

monitor oscillator circuit must yield sustained oscillations 
for a nmber of similar crystals and during deposition. Further the 
widely observed mode jumping phenomenon must be elimln&ted. A solutiiep. 
to these problems is achieved by incorporating automatic loop gain 
control in the oscillator operation of t]js circuit 

is obtained by gold plating the crystal faces*'*^ 

Oh0n^6'\in the irequancy of ;the/CSciil#ibor'; iS' me^'Urei,''''’' ' 
using a digital frequency counter* A system consisting of a local 
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oscillator, mixer, low pass clipper amplifier, monostable mtilti- 7 ibrator| 
averaging and differentiatxng amplifiers produces analog outputs 
proportional to film thickness as well as rate of deposition. Ihe | 
system is designed using integrated circuits. lUie design details 
of the system are presented. : 


A frequency stability of 1Hz per hour has been obtained with 
water cooled monitor oscillator, A mass measurement sensitivity oJ 


•"9 / 2 

the order of 10 gm/om has been achieved. Ihe ^stem has been 


calibrated for thickness measurements of silver and copper films. 




/ 
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CBAPTER 1 
IHTROWCTIOH . 

1,1 General discussion on thin films: 

It is over a century that thin films are being used for 
many applications and tremendous amount of investigation is going 
on to understand the basic properties of thin films of various 
materials. Thin films were first employed as coatings of previous 
metals for protection against corrosion. The rapid growth of thin 
film technology started between the two world-ward -vdien vacuum, 
evaporated metal and dielectrio films were used in optics fox 
mirrors and antireflection coatings respectively. But it was 
their potential usefulrtess for the electronic industry wdiich 
stirred scientists to probe deeply into the properties of thin 
films. Mt present thin films find applications in almost all 
fields of scifflnce and technology. 

The study of oftioal properties has led to a specialised 
tScinology.'Of ■ %p.tieal; interfeii^ee .filps”;., Stndy of ,, elfe;t^o|||.„ 
'plW'perties of mstals and s<Kai©o!ia.ili6©t®r®''has leili. to miniaturized » 

- . , , ' ' . . i ' " \ 

miEfeiS'; ■ ''rei iabls 'Cdi^!l#ehtS: andi ' . - v;, pmpert iss 

a^ widely used, for €©ppxter;a*?p^. Thin films have become 

a basic tool of inveetigatiop® .|ysi m^allurgy and in study of 
mechanical prbper1ldtoB)i swattering, storfaoe properties of '■ 
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seinicojidactots, growlli &£ nuelei 

1,2 Him thickness and its effects on 'bafeifl pro^rties: 

The term ’thin film' widely used in todays science and 
technology, can he defined as a layer of gaseous, T.iquid or solid 
matter. Hlms are considered thin in the general sense -vdien one 
-dimension (i.e, thickness) is much smaller than the other two 
dimensions, 'Thickness' has a leaning only when a film is 
continuous and uniform but in ultra-thin films ranging from a few 
angstrcans to several tens of angstrom the film is discontinuous and 
consists of islands. Therefore here we talk of "average thickness". 

Him thickness is a very important parameter for basic 
int*eStig;ations as well as for film applicatioiMS » This is understand- 
able, for the very fact that one dimension (thickness) is much smaller 
than the other two gives rise to properties which differ in the film 
form from those of the btilk material. 

Consider a thin film of resistive material. Mot only wd-H 
the resistance of the film increase with decreasing thickness be©SB®e 
of the reduction in cross-sectional area, but also additional effects 
appear as ■Wie mean free path of the conduotioh electTOns becomes 
comparable or even greater ''the' Him 'l^okness, 

uiti^wthin films the conduction mechanism itself changes (Neuge ^ 
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In thin film de-vices such as capacitors and insulated gate 
lETs the dielectric determines the electronic performance. The 
significant properties are the conductivity and breakdown -voltage 
and their -variation as a function of -thickness. 

In magnetic film devices, -Idae film -thickness has a strong 
influence on the demagnetising and reverse magnetising field and 
on the domain wall structure. 

In thin film optics the thickness affects -the refractive 
index, transmittance and reflectance. Almost all applications in 
thin film optics require coatings of -well defined and precisely 
controlled thickness. For example, in interference filters, udaere 
a bandwidth of 10 £ is to be achie-ved, the error in film thickness 
should be less than 0,6/^.: - 

The -thickness of thin films of superconducting material 
plays an important role in determining the transition t«peratere 
and critical magnetic field. 

1.5 ftin film’ de'pesitioh''iirucesse8*'' ^ 

Bie -various deposition techniques (Soliand 
Berry and Harris 19^) are electrodepcsition, va^^ te^Bition» 
cathode sputtering , and vacuam e-vapora-ticm. ELectrodepositibn is 
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prevent eorrosion. For electronic application this has little i 

■use. Yapotxr deposition is widely employed for growing single | 

crystal epitaxial layers specially in silicon planar technology. 1 
Cathode spattering is widely tused for depositing refractory metals ; 
or high melting point oxides, Taeinm evaporation is done at ' 

pressures lower than 10 ^ torr and the evaporation is done either ; 
by a heated filament (or boat) of a refractory metal or by an 
electron, bombariiinent arreng entente ! 

r 

I 

r 

A quartz crystal monitor is used widely with the vacunm 
evaporation technique and it can also be used with cathode 
sputtering technique. In the present work, vacuum evaporation by 
heated filaments of tungsten, molybdenum or tantalum is used for | 
depositing the films, I 

1.4 Techniques of measuring film thickness* I 

■ ' ' ' ' ■■ , . ' * 

Methods of thickness determination have been reviewed ly I 

many workers, (fehmdt 1966, Gillespie I 967 and W. Steckelmacher 19 ^ 

Conyentional ways of measuring thickness fail idien I 

th^ of the order of angstromOj. Only "Optiosl 

interferen^« ^ measure ^clute ,diile all pthear 

^^o^ some other parameter Bhich dep^ide c^ ^ tdiioloiess 

in a ImoTO ’ma^* f ll|i felc^ss can be oalellat^ 


thickness directly cr measwre the «et® directly. A knowledge of" 
deposition rate is always desirable, as film structure and 
properties are dependent on the rate. 

The methods used in monitoring thickness are* 

i. Rate monitorings Rate meters give both rate and 
thickness. Rate meters can be employed for all 
materials. Ionization gauge rate meter, rate meter 
employing movement of current meters and rate meter 
based on the momentum of arriving atoms are the ones 
■which are -widely used in this category, 

ii. Thickness monitorings Optical methods, electrical 
me-hhods, gra-vimetry and quartz crystal oscillator 
come under this categoajy. 

The change in the frequency of a quartz crystal is 
dependent upon the deposited mass. Thus, if a crystal is placed so 

that material is deposited upon it, (at the same rate as upon the 
substrate) the frequency change in -the crystal (oscillator frequency) 
■will be an accurate measure of -tiie average thickness. Uiile -laie 
thickness iBcaiitCr based on this principle is describe in de-bstii, 
the ^ptiabiple bf 'l&l'Mple''Be'am''-%t4fefeiK»eter''''i0'''l^ejrt 
in 'ife'' i^lsndik "A,'''''' '' . 

1*5 'iim ef\-wb3^* 

The aim of design and fabricate a vbcsatile 
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system "baBed on the quartz crystal oscillator for measuring thickness 
of thin films of materials deposited either "by evaporation or 
sputtering. 

Since the sensitivity and accuracy of thickness meas^lrement to 
is limited "by the inherent frequency instability of the crystal 
oscillator, effort has been made to construct a crystal holder and 
an oscillator circuit ■vdiich can give a frequency stability of about 
1 in 6.5 MBz over an interval of one hour. In other urords the 
accuracy of thickness determination comes to a fraction of Angstrom 
for most materials. 

men the crystal is loaded -with a thin film of the material, 
the frequency of the oscillator reduces. With large reductions the 
crystal tends to oscillate at an overtone frequency, fhis phendmenon 
known as Mode Jumping". The undesirable mode jumping was effectively 
avoided by keeping the loop gain in the oscillator just above tmity 
by employing automatic gain control. 

Analog indications of thickness and rate of deposition have been 
provided, »e quartz crystal monitor is designed using integrated 
circuits. The design of a compatible "auiomatic rate control unit" 
is outlined in ohepten 7. 

, , %e, two matertais ' ' 


7 


namely copper and silver. 

A Ifcltiple Beam Interferometer has "been assembled which 
was used to calibrate the Quartz crystal monitor. 



CHAPTER 2 


QUARTZ CRYSTAL OSCILLATOR AS A TEANSDOCER ^ 

2.1 Quartz crystal microUalatice s 

Quartz ciystal oscillators and natrow band crystal filters 
have been used widely. (Mason 195©, Seising I946), Q^^^tz crystal ! 

acts as an electromechanical resonator of high Q and hence yields a 
precise frequency. i 

! 

I 

^ the present work quartz crystal oscillator is used as a i 
transducer. Ifess loading on the crystal faces reduces the frequency 
of the crystal oscillator and this reduction is a measure of the 
mass deposited. Quartz crystal oscillator shows extreme sensitivity 
to mass loading. Eor vacuum evaporations, the sensitivity of the | 

crystal oscillator is usually about lO”^ gm/cm^ . With precise } 

temperature control, sensitivities of the order of 10"''^ gn/cm^ j 

have been achieved. (Stockbridge and Warner 1965). A quartz crystal ! 
mierobalance combines high sensitivity with ease of fabrication 
and operation. Monitoring both thickness and rate, automatically, 
is also possible, 

2,2 Monitor crystal selection* 

^arrtz crystal can have variov© modes of vibration (ifepon 
1950, Cady 1964). thickness shear mode is the mly one of interest 
in -this ;partiq^^^;:'^pil:^ ^kness,, shs^-aode antihode.: 

is formed on the faces of «ie quartz crystal plate and only the mass 
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9 . j 

and BT cut crystals in the form of rectangular or circular thin | 

1 

plates are used for thickness shear mode. The major criterion in i 

choosing a particular crystal cut is the temperature co-efficient j 

I 

of Figtirs 1b shows ths tompors-turo co'^sfficisxil/ of 

frequency -versus the rotation about x-axis (Mison 195<5). At a gi-ven 
temperature BT and AT cuts are those -vdiich show a zero temperature 
co-efficient of frequency. Tlgure 1c shows tlie change in frequency 
versus temperature for AT and BT cuts. These curves show that with 
an AT-cut crystal a larger tempera-ture range (-with a small temperature 
co-efficient ) can he obtained than with a BT-cut crystal. Therefore 
AT-cut crystals are chosen for monitor-crystals. 

2.21 !I^eoretioal relation between mass loa - iing and frequency shift ; 

The frequency f^^ of resonance of the AT and BT cut crystals 
for thickness shear mode of -vihration (ifeson 195 O) As given by 

f ® .............. eqh. C i ) 


Where 

N i= a constant =» 

^ (D* 

liaete - 

G is the shsar elaatio constant 

and 

t is the thickness 

■ , bf '-'ifee, .. 






'.i': ■» H->--^>',- 

V >, t,} ■' ' -f"-* *''v "' 
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The relationship het^een the frequency change Af and the * 
mass deposited m^ has been derived (Stockbricge and Warner I962) 
using the perttirbation technique. Af is gi^^en by " 


- 4 if 

~W 


eq.n.( 3 ). 


for Af << f 


f.2 ‘jr 

^n 


= a constant = 


eqn. (4) 


JU 

Where K is a constant near unity depending on the 

distribution of mass over the ciystal surface, 

IS 'th.6 mass of tho film dsposited, 

^ is the area of the crystal face, 
and is the mass determination sensitivity 

Jb?om eqn. (5) and eqn (4) we can define a few quantities 
■Jihich are xiseful in deciding the frequency of the crystal for a 
given application. 

is defined as the "mass determination sensitivity" and 
it incorporates all the constants of the particular crystal. For 
a given A f, the larger the , the smaller the mass ^ch can 
be determined. Inother fact to be noted is that T^ies as the 
nmre rf ais ristoita: frequffw,,, . 'a«a 
sensitivity is achieved with larger 

'not 'hold ' ' 

Pennissible, . ' , 
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then Af should not exceed Q.^io of (Behmdt 1966). 
limit of Af thus decides the "maxintto detectable mass, 
“ftaax"* Substitution in equation (5) gives 


m 


fmax 


2°LJi gn/cm^ 


K 


eqjl. (5) 


or 


m 


^fmax ^ 


Ihus the larger the f^, the smaller iihe "maxintum 


detectable 


mass m- " . 
fmax 


The "smelleat detectable mss t,^” is defined as the 


minimum mass iidiich gives rise to the minimum detectable 
change »Afjjjijj^ Rearra^ing equation (3) we get, 


i'requency 


or 


and 


ffl 


fmin ^ 


A 


- ^f min 

"TT- 


Mg 

K 


gn/cm^ 


• ***< 


eqa. (6) 




m 


‘ftain 


1 

iT 


H 


•Mother ijH^i^tant f acton is the thickndss of the 


ciystal 


itseif,,, , (2),,;;±t heC'Oites cleai:, Ifehnt, for ht^er 

frequencies crystal must be thin and too thin a crystal 
very careful handling. 
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2.22 Criteria for selecting crystal oscillator frequency, f s 

Jtom equations (2) to (6) we note that a large f leads 

u 

to a large C^, small and small Thus a large mass 


determination sensitivity is obtainable for a given A f;^^^ but then 
“fmax smaller. Such a condition is suitable for the study of 
nucleation properties of ultra-thin films. A large sensitivity 
is required but total mass deposited is small in itself. Topically 


finin'^ 10" gm/cm^ and “fmax / '^ 

ana imax ^ 10 gn/cm are desirable in such 

an application. Substituting these in equations (5) and (6) gives us 

of the order of 200 MHz (assuming Af^.« 1 H* ). Such high 


frequencies are obtained only by exciting an overtone because for 
exciting fundamental the crystal becomes too thin. The frequency being 
high and overtone excitation being required the circuit becomes complex. 


In electronic applications where desired thickness range is 

roughly from 100 S to 10.000 2 ^ • 

^ require m^^ of the order of 

10 ' and of the order of W’ Sabstitutlhg in 

equation (6) ue get f^ appmrinatejy 5 MEr (aeeumlng Af_^=. l«i) end 

'"‘f»ar oriler of a few ntliigra^, . - 55,^ of a « ' 

crystal (at fundaB&Ai feCqu^ylie obtained fron eqna,(l) and (2) 
cod' la apBcWBBtAjr i3(ai ^ohxaa be hmdled AA Aiel 
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2.3 Itequency stability and controlling factors: 

The smallest detectable mass m ^^.^ depends directly on 

the minimium detectable frequency change is 

determined by the drift in the crystal oscillator frequency. By 

reducing the drift in the oscillator frequency -we can detect a 

smaller mass deposited on the crystal. AsZif . was assumed to be 1 Hx. 

mm 

Tsdien frequency of the crystal -was decided, the drift in the 
frequency of the oscillator should be less lhan 1 Hs/hour. This 
frequency must be determined to a compatible precision. The Hewlett 

T^ckard 10 MH2 counter with least significant digit of .1 Hit is 
found to be adequate. 


In addition to mass changes , there are several other 


factors ^diich will result in frequency shift of the crystal— oscillator. 
Some factors control the natural frequency of the crystal itself while 
others control the cssbiliator frequency. 


Mriations in satTobnding gas pa?essure> adsorption of gases 
or moisture on the faces of the crystal^ change the natural frequency 
of the crystal (An increase of about 40 Hz was observed when chamber 


was evacuated from al^ospheric,: pi^ssure to lO’*^ tOrr). Care must be 
taken to avoid meqhattLcal ^ocks to -fee crystal Aich teni to change 
*^e.f3?eqj^^cy, abmptly. Tefiiperature cl|«^a?vchute'''change'-in cr^fel 
^^^fre|uency ahd,,hen^e,,|r3^^,,, iii, 
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The factors -which cause drift in the oscillator frequency- 
are changes in parasitic lead inductances and capacitances ^ 
variations in supply voltages, aging of active device parameters 
and changes in tuning elements (if used) due to variation in 
temperature. 

The design of the crystal holder and the oscillator circuit 

due 

has been such as to minimise these variations^t^ various factors so 
that desired stability -within 1 Ha. /hour is chained. 

2,4 Design of sensor head: 

The crystal is held in a holder so as to pre-vent it from any 
mechanical shock and physical damage and to pro-vide -the electrical 
contacts to the electrodes on the t-wo faces. The main object of the 
crystal holder design is to minimise the drifting of the crystal 
frequency. Here variation in the crystal tempera-ture plays the most 
important part. Since the radiation from the e-vaporation source and 
also the deposition of the film heat the crystal surface, the crystal 
frequency drifts -widely unless -the crystal faces are cooled. A -water 
cooled crystal holder hap, therefore, been designed. 

.It was also observed -that beoauP© of the long leads the 
frequency ■osed to drift as latKih as a fe-w hundred ^0 

minimise the changes in the lead capacitance and in#kstancea, a short 
piece 'of ,fhieldei|';''cable"';t^ used and a miniatttriaed' oscillator Circuit 
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■ms installed right in the crystal holder. Inclusion of the 
oscillator circxxit makes the nomenclature. "Ssnsor-head” more 
meanir^ful than "crystal holder”. Details of the sensor head are 
shoTOi in figure 2. A brief description is given below. 

llie crystal A is held in close contact with the holder 
plates B and a water-cooled sthinless-steel (ss) block C. To 
circulate water, a circular groove D is cut ;n the SS block and is 
covered from top by welding a SS ring E. Tw) holes P are drilled 
into the sides of the SS block so that copper tubing may be welded 
and circulation of water become possible. Tie SS block makes a 
contact to one electrode of the crystal and cools the crystal, 
simultaneously providing an electrical connection to the electrode* 

.Tlje contact to the other electrode is made through a copper annular 
ring <J •vdiich is isolated from the main block by a teflon disc H, 

Spring I provides the required pressure on the crystal, A tefldn 
disc J, with a rectangular hole for the crystal, is used to Ifeep the 
cry#al in proper ' .position, , A short le%th of shielded' cable, 'K:: is ' . 
soldered to the copper annular ring & at one end. The cable passes 
through a hole L into the chamber M which holds the oscillator circuit. 
The other end of the cable is connected to the oscillator circuit. 

The chamber M is covered with a SS plate N having insulated terminals 





and to provide a circular opening for the deposition on the 
crystal* The plate having holes of different diameters f « 
provides adjustable area of film deposited on the crystal « 

Apart from miniinising temperature variation ^ shocks and 
variation in the lead parasiticsj the sensor^head has following 
additional features* 

Since a stainless steel block is used with copper tubes 
brazed on it, the sensor-head can be safely used in a ultra-high 
vacuum system* 

Since the crystal is pressure sandwitched between holder 
plates, both plated and non-plated crystals can be used for 
monitoring- 


Oscillator desi^ is discussed in the next chapter. 



CHAPTER 3 


OSCILLATOR DESIGN 

■ 5-1 Series and parallel excited crystal oscillators: 

Quartz crystal oscillators are widely used for their excellent 
frequency stability, in the analysis of the performance of a crystal 
for its use in oscillator, it is very convenient to obtain an equivalent 
circuit in terms of inductances (L), capacitances (c) and resistances 
(E). With reference to Il«ure 3a. the coupling between the rarioue 
modes oan be represented by mutual inductances (m). 

However, idien there is a dominant mode, the equivalmt bireuit 

can be sipplified as shown in ligure 5b. From the simplified equivalent 

circuit «e o«n see that the impedance of the crystal varies as is 

shewn in. Fi,gurs jc*. ' '."'V' 

At resonance, tmpedteice is very small (equal to e) ikLle at 
anti-resonanoe it is very large. This property can be used to make 
P^lel excited crystal oscillators and series waited crystal oscill- 
ators. l^iiical oirduite are shown ia Wigo^ 3d. and 5e, , / 

Consider tlie Miller Ciro^t ' giv^ M Hgtire 5d. Tfader resonating 
aonditiOni Plate lohd is %b ba inductive' whit^ Requires 

'tile capital be eapacm^ ^ loop liiase'^^/be' 






*5‘i^ '"^' ;:#:'< >:?'AcXS';f;’5;fi,tT;s;i>; 

' 'i* .v/‘< *- \r..'":'^.'‘ ■’*'' -''" ‘f* -V' ’•A-.i •"■■ 


;,4^.;.y4J -v i 

S i\r^ ► V": ' ’ 






W^ji; 




Since changes in the input capacitance ■vd.ll vary the frequency, the 
parallel resonance configuration does not give the best frequency 
stability, iPhe simplicity of the circuit makes it attractive for 
a wide variety of applications. Colpittand Clapp circuits are 
variations of this configuration. 


%ns|dfjp.tiie Herce Circuit shown in Slgure 3e. igain, ^en 
the plate load is made inductive, series resonance becomes possible 
when the crystal aCts as a capacitive impedence. This condition is 
satisfied for frequencies slightly less than f^^. Since crystal 
has small impedence near f^^, the shunt impedences across crystal 
have little influence on the frequency. 


uned circuit can be dispensed wiien a two stage amplifier 
providing a 360 shift between its input and output is employed (figjn 
viezystal i. then e^coited to eetiee reeoMnoe. «.e 

oscillator is since crystal nnst be resistite to satislj- the loop 
Aase condition. Such configuration Inprores the frequency stability. 

hetter frainsasy staltoty is achiewd using auplltude stabi- 
lization snd .eU ^g^ated poser supplies, tbachas. ftidge oouflgur- 
Stion (Ifcachsn 1958 ) has the best frequency stability of all the 


Looking to the eq^jival^t c^cuit of -ttie eiyatal (Hgure 3a), 
we find that the i^d^e jjecoa^s (equal to ,R ) at a manber of 
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discrete frequencies. Thus for series resonance, the locp phase . 
condition (id-th reference Figure 3f)» is satisfied at a nnmhex of 
frequencies and this creates a problem called as Mode Jumping. This 
problem is discussed in the next section. 

5.2 Mode jumping problem: 

It is observed that a crystal oscillating in fundamental mode 
jumps to a higher mode then one tries to deposit a film of large thick- 
ness. As the deposition continues modes other than thiokneos shear 
mode> get favourable condition andcthhenthe oscillation in thickness 
shear mode comes to a stop. Thus the problem is to keep tho crystal 
oscillating ^ the fundamental mode all the time. Once the crystal 
jumps mode (or stops oscillating), the inforaation about the idaickness 
and rate of deposition is lost and the instrumentation becomes ■useless. 

5.21 Analysis: • , 

A crystal has, for its electrical equivalent circxiit, a set 
of series K,I<,C circuits shunted 'by the capacitance between the 
electrodes. In the equivalent circuit coupling between these modes 
is indicated by imitual lhduotances . 13he couplii^ between various 
modes' dep^ai^^/lai!^ely’-''''Uh'^e'''''^*kmaiiSM'p'^;qf ©.ryetai' face's 'ahd'' ■ ■ 

■edges't ''and' ■ to a ■ ':ie»s:er;' ^ noE*3!nifoi3RQ--ty and ■' eecenthicity''' : 

Of deposited film. Ohese dependances are very complex in nature. 
,2^ ■ the': ide^ diSq,,:' 
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of acoustic .Trtbratious sho, that crystal hae Icaat leases la the 
fmdamental mode and so on. So to can write 

etc. 

(subscript 1 , 5,5 are used for the odd harmonics of the fundamental) 

So the equivalent circuit eSn be represented by simple resistances 
®1’ ®5 at the frequencies f^, f^, etc. 

With series resonant circuit as shown in Figure 3f , we ha.^ 
real and positive gain, therefore to satisfy the condition 

for oscillation, p the feedback factor must also be real and positive 
®iis is possible only at frequencies f., f_ etc. 

Now p^ , the feedback factor for nth harmonic is given by 
P*’ fir + R + R 

i X n 

Since for the |,deal case therefore 

fn^1 y f IS 

5hat is is greater l^ah etc. 

low choosing Ay (generally known as ’'overdri”(re" in 

oscillator ■: 5^: , 

3hns only the fundamental mode oaasos oscillations. But if sufficient 
overdrive is provided, 

: ilj j|§ 
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Larger overdrive teads to make condition favox^ble 

for higher modes as well. 'Chere is a tendency to keep oscillations 
at that frequency for Mdiich is greater than and nearest to 1 . 

( jEdson 1953). 

In the non-ideal case, the various modes have coupling between 
each other and thus they add to the ideal response inherein only one 
mode was assumed to be in operation. For example, if 5th harmonic has 
a large coupling with the fundamental then eventhou^ the oscillations 
are still at f^, a large distortion due to 5th harmonic is also present. 
Ihis contribution of the higher harmonics to the fundamental is largely 

determined by Worlmanship of the crystal faces, Overdrive and deposition 
of film. 

^beperimental results from a study of IMe Influence these 

A 

factors m the dsclllator waveform are shown in Slgure 12. To have 
self -sustained oscillations for a number of crystals some overdrive is 
essentia# Overdrive is also essential to maintain osMIlaticn inspite 
of variations in circuit parameters due to aging ^d variations in 
supply vplta^es, 

.. I^m, :J^:i:'we-:;,find -that cthC' 'larger 'OverdrjL.i^:^-.; !%t=^v ' , 

;las^®r : the ■; hasms^at/beht^t ;''the;.,Qscillator output 'V ■ 

further increase in overdrive -Hie csyutal gumps mode (Figure 12b ). 

53ws we need an oscillator circuit idiich has an initial overdrive. 



to sustain oscillations, Mt as the oscillations grow, the gain 
should be reduced to such an -value that only for the funda* 

mental frequency. Ihis definitely suggested going for a Automatic 
Gain Control (AGC), 


5.5 Monitor Crystal Oscillator Design? 

The scheme for the amplitude stabilized AGC oscillatot* 
is shown in ilgure 4a. The integrated circuit (ic) amplifier id be 
used in the "Crystal Oscillator" Circuit must have following features, 

, (1) Differential amplifier ccaifiguration, so that a positive 
feedback is obtained as 4n Hgxire 5f, 

(2) adtter follower outputs ,so that output impedance is 
Id-w 

(3) ago facility 

(4) Bandwidthr'l^qaer'; .a.''' 


The ■'’'hieh i^fils :dai 't^ese requirements is 
CA 3001 (for specifications refer to Appendix B). Uie final circuit 
using a 6.5 MEz AT-cut crystals is shown in figure 4b. A diode and 
a RC combination performs the rectifloation and filtering so that 

'%0 : 


desired negative output ,is cojweq.ied to the AGC 

m ni fS ,«16, Dmmtio«at 


for the Durational 







&%iw’S|si?-##f;?lli«f- 






ifPiasjt'S 
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Th;^ 


a.pUfter.,o.,latee the „eed for external fre,uehoy co.penaatton ^ 

thus reducer the ccpoueut count on the monitor oeoiUator Srlnted 
Circuit board e 


Bie details Of the oscillator circuit are sheen in Ilgure 4, 

This particular oonliguration has a numher of adrantages. jfirstly, 

it eliminates mode Jumping problem, secondly, it uorks for many 

crystals _Df the same class, thirdly, gtnbtliMrtton of ampUtude 

leads to a good etabiUty in frequency and output ratefori. becomes 

sinusoidal and lastly, use of integrated circuit makes it po«>lble to 

put the osolllator-circutt eery near to the monitor crystal thus 

reducing parasitic lead Inductaneea snrt ^4. 

*iiaucTances and capacitance iaproving the 

frequency stability. 
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CHAPTER 4 

QUARTZ CRYSTAL MONITOR 


4*1 Schaaie for laeasttriiig thickness and rate of 
deposition of thin films i 

sensor namely the quartz crystal oscillator put 
inside the vacuum chamber alongside the substrate, sho^ra a, reduction 
in frequency as the film gets deposited on the crystal. This change 
in frequency Af is proportional to the mass of the film and hence 
its thickness. The scheme for measuring this change in ftequencyAr 
is shorn in Figure 5. There are two mys of doing this. One is to 
use an electronic counter to findAf direGtly; Alternately^ a 13 e 

level proportional tpik is>ta^^^ 

voltmeter. Frequency to LG voltage eonvereionjis a^ As follcws. 

otwlllator onti«t . The i^ljcer output is jawed throu^ a lou paw 
mter wd a clipper wplifler. The 34ua« wye output ffrou the 
ollwer :tD a ^n^j^tahls- 'anltliateator. lyera^t^:: ' : 




is tunable y an audio ' ino^# ’ 
obtained by, feie use 'of' 
,‘ueed for rc«^ 




a%e frequent^ is / ■ . ■ 

^ i'S' 'i: ft ^ 

m speaker;; This; is also' 




S4.tel^s^sisik#s IS 

ri5S«s^i«f SsSiias 

/>" y->' 'h' ’ •'■"''■■'V, « 

f. '^y. ;.;•/•« 

7't?.S%*^t:'siK/f/?"4’n,‘5;;rT.,r;' i:t;^'-' r V, ;:■ -i I ./.■ 




:mti 






wmP^M 




*ip!*ii 

' -srii’^'S'’"' >Sf'i’‘'.^'> ■'’'/-'■•'4-, ‘"C "i" >•■■ c. . - 

^ •5>'*/ ^ ‘ ,’* “■''V V ''1 ^ o 'T j. 'w 

:n7'?^'; ? ;'.4‘».4>'1;- ■--.- ';'. .-l^,;'- 

'r^\xsf ; r//" 

cv.-!'>/vi*' • /v‘'i^-;’r^., ■~:<^ r.*';^/r ■ - ., i.-r' ■ " - - 
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Since the analog indications on the panel meters cannot 
he read to an accuracy better than 1$ of the fullscale, electronic 
comter is used udien better accuracy in thickness or rate measurements 
is required. !Phe counter ban be made to count the chamber oscillator 
frequency or the heat frequency. %en the beat frequency is counted, 

the reference oscillator should also be a crystal controlled to a 
compatible frequency stability. 

Circuit realization for this scheme is discussed in the 
next section. 

4 *2 Circuit realization and deai^i 

The aim of this work has been to design and fabricate the 
*ole system nsing ii^tegrated circuits (iCs), since the use of ICs 

resulls In superior performanos and reliabili%-. ' 

4'*2i’' ''JBxer'de'si^'*'.' 4 ,., 

J^xng la achieved using the variable gain proi^irty of* 
differential amplifier. Ihe signal with frequ^cy f^ fed to the 

base of :^e ' tuibscent 'ouri^t 

through the dlfferattlal amjpilj^sr configuration changing its gain, 

&e o^r aigh|i>J^|S' 

differential input te£niansl»+ ^ mo^^telated outpat-ls obtained, at 
the differential outlet tsiwinalB ifeinh contains, -toe, sum ai^ differ^e 
fnequsTOles f^ +,,£^ ©llaiinated hy a low-pass 
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filter to get the beat frequency(f^ - 

Thus, requirements for IC differential amplifier to 
be chosen to perform the miring are that it should teve a &adi?id'ai 
miKJh larger than f^ or ( 6.5 MHz) and adequate gain for •Uie 
beat frequency. 


55 ie is KA igrpe CA 5026A (Sefer to Appenctix B for 
specifications) is chosen for this and loij»*pas3 BC filters are incor- 
porated in the collector circuit. The lorer out-off frequency is kept 
at 100 KHz. The circuit diagram is shoiqi in Figure «b and its details 
in App^dix 33, 3 aae amplitude of the beat frequency is fotBid to be of 
the order of 100 m^. 


4*22 I<^wp>pa8sygq!id- Oliver ■ampli^ft'err ' 

■' Hinhtew of -^s stage is- to- attei»ate the'UiMranted'hi^ 

50 5 provide large enou^ gain to give a square vave 


, dsaiftl 'operaAlo* 

fulfils all ' i&enie' rpcpsiij^isnts’ 
nesphWia 


* 1 ^ 457 . , 

qf gainyi dynamic rang^ 








A*. / '* ’’ 


rTr-;"' • . '““'T-'-t ' ■■ -;; • 
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A 100 K resistor and a 10 K potentiometer are used to 
provide the input-off -set null as shoTO in figure 6b. The a-c coupling 
employed between the mixer and the low pass amplifier should have a 
lower cut off frequency below 100 Hz. Ghus a capacitance of 22 
is used for this purpose. 


Input to the audio amplifier is given after the low pass 
amplifier, inhile the clipper amplifier output is fed to the mchostable 
multivibrator, 

4*25 Mcnostable Multivibrator* ■ 


Ghe mohostable multivibrator providfeS a single stan^n^ised 
rectangular' 'fUlse' 'outlet it; 'ia;,.tr^ <uiee^ Since, .it .is tillered 
hr the fe#^^,.fhe<iu^icyi.,vtiij6.^outpt; ''i*en::av^ 

linearly reMte'd to .^^='beat''^^fr6q«^t(^.:;'y:l^ 'fbr-^a lineari^ better 




the rise and fall times 


period (fO^sec.). Further Ihe amplitusie and pulse width stability 

'' ,,':y '/i'v ''-y' ^ 'y/:l-y"'iiy' ■'‘v>''i'y 


. j"'',;vy ;:?yy-;'y ''''''' 


given 


Iceyt at * 4*5 tolte deyie© (Rig, jh) 


<erei!>tiiK»si&, 4 is' 


^ j t ^ ,1 ' I ^ ' i 


vl9.'«>oii‘te«>lled:-br tb# time 
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constant of a resistor - capacitor combination to be provided 
externally^ Biio time constant is altered in order to obtain 
full scale deflection for the highest fre^uenigr measured in various 
freqTienoy ranges. The range selection is obtained by sidtching the 
.capacitances. The pulse width at any given frequency range is 
decided as given below. 

The capacitances are chosen for the different ranges 
(50 KHa, 10 EH®, 5 ffiz, 1 JOO H* and 100 Hz) such that pulse 
width renains at half the period oorresi^nding to -^e highest 
ftequ^jioy in that range, 

in auxiliary 4^ settled output (pin 6) is available for 

monitoring the pulses on an oscillosccpe. A 10 E resistor is 

provtdsi to protect the IC against accidental short circuit of -the 

terminal,,,::;';; 

A Eairnditld type^iA 74T internally coapenSateS higfi gain 
aapUfisr iSi i|oao8table/''imia ^ 

vibrator' ..The. . 

sec, To avpld very iCap^itance a< tJO ^ resistance is oh<^en 

at the f eedtoaefe eljKB^rfc a'-0»7j|^,'anp^itcw across 'it* !33i!e ^in 
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of the ampltfler is arranged such that It does not aaturate for the 
hipest fresuency measured in any giusn frequency range. The output 
TOltage corresponding to this situation is kept at 4 volts. Since 
the saturation output level of the amplifier is 5 volts, the voltmeter 
used to measure the output voltage does not need any protection 
(only 25 ^ 


4*25 Differeatiatiiig^^^t;^ ratfe aaplifier* 

53le inforraation aboiut -fee late of deposition is obtained 
by differentiating the output wltage idaioh tidies in aec<#dance with 
the thickness, dhe calibration of ihe rate neter depends upon the 
range selected by the "thickness range switch”, ®iu8, in ordrac to’ 
obtain full ^cale dsileotion on^ nate neter for a given rat© of 
depo8iti<m,^e gaih of differentiating amplifier must be ad; 5 usted, 
ditett'S defleotion.tm 

the rate ,.a^er, differentmtiog'-i^ ^ 's' 

should''be ■" : .V' ^ 




A 


( 7 ) 


5 10 KH», 5© .«> st rafe iaii^ of 1 , 5 , 10,50 and 100 Ha/seoj 

we find thai gain© 'e^ '^.’’tOOO ea^ to be provided' if or 
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desir-.id "rate 
'■’s-blt 1 h&low. 


'"** a>ls 16 .«.p6h6».iv6ly gi,«, 1. 


' 1 Hate obtalftaKl® fej* g 

aaplifier gala ranges 




Hat© dn Hi^/s 


i . range 

I f ®rwb\eel«;»tor ■ ^ 

liatlng 

'gain eel-. 

ISO tor \ 


;|,,, #.. ^ JO . ^ ^ ^ ^ , ,;|QQ , ^ 



^ j^oe Taa^rsHiiB^ ^e'-^Jused' ceieie 8 <i^© 5 ^ 5 , 

53 and 90 ^are not yMle;*atee' falser ' 

iniin ^100 are not ^ depositing 

■amtiiM.. , :y , ■ 

'* ' I , ( ''* IV']' rl ‘jll > t'V V t,AV/-‘ ' ‘■'■*^’ ( ' I't' \ W 

■‘ ^ ’' , '• ^ ’Sfecnm In 

<3|fiwe 9» .lifeiil 
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flat *b b# ef fee order 


'”' ' ’.■■'■'l"” !'■' .,' "^/v/‘^?'' V’V'iff f’i'v‘-''i|^''"'‘''*V 'V,.- .. 


0 in' ' 



Ui sewml pS'. Ae TO go for eleetiolytic or^taatalm capacitors 
the leakage current itselC caa pat the amplifier la sataration. 
^Uierefore it is ImperatiTO to use paper capacitor to redace ■Kie 
leakage carreat. 1*hus the limitiBg mlaes ohos^ are 1 piF for 
paper capacitor and 1 Ma for feedhaclc resistor. Ihls gives ^ 
gain of only 1w An oasca^ aaplifier pa^Cvidlng a varishle gai> 
of lOOt '550 'Cr;1<^^;fpr:;4^,;=vPl^ 

for the differentiating a«^fiet gain. Transient changes in the 
yoltage''pr0pchfti<«i^ 'tP-.'^*hioteesi;#!'h;h^ ladlcatim 

V Bmking ’tile ai^tfier asespoiise slow by providing EC time constant . 

of the 
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4.5: Calibration* 


It is vsiy convenient to calibrate tbe thictaioas and 
rate n»ters in temo of fre<iu^cy (Hr) and ^te of change of freqn^i^ 
(Hj/Sec) respectively as the thickness and rate ©f deposition of the 
films have linear relatioiuhip vith change in frequency and rate of 
change of freqi»en<^« 


ihickness aet^ ie ©alibisted to give a full scale 
deflection for ■fee hipest fEcqwnoy in any givm range. is dene 

by ad^nstlng *aie pulse vidth ©f ^e BKnostable multivibrator (hy 
ohocsing proper C^) until a full iioale readli^ is ©btaindA cn Hie 
thloknass 


Ihe irate meter is calibrated by feeding in a ramp of Hie ! 
desired slope (in voltV^see) and Hien adjusting Hie ^in foi* suHi | 
ttet a' full . | 

«alitarati<»" 

to the full scale reading are fcept sli^tly below the saturation levels! 



are selected. After evacyating the chamber to a pressure less thaa 
10 ^ torr, evaporation is started and the rate is adjusted bj controll- 
ing the current through the filament. Uie thickness meter indication 
is made zero Ylth the help •t ”Zero-8et'‘ control. At this instant, 
the shutter covering the substrate is removed and deposition of film 
on the substrate is started, ^he shutter is replaced again as soon 
as the desired thickness is indicated on the meter. Uien the evaporatio 
source power is gradually decreased to zero. 



VoltG^ 



X «a«ge 6 to 100 KHz 
^ V®la»^e 0 to, 30v.ifflzV 
OHange 0 to 10 KHz' 

,, 'A'Jtog© ' O' tO' 5 ''iSifev' , ' . 
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asd EESULTS 


5*1 l&wJltoB ©^r8t4l cJjjeuit* 

IrafeMmstt*© wmb caa jaPW | 9 iy®tals wlt^wat using 


iftG'and it im MM. ^^i«| a ewWa aoKWus* tff'€>Tsrd3!xvs^ 


jp®!|Ul2ffei to osbbibo 




10 . nx#L a ^un*er of different 
of o’ViftiJdni've, ll^e murefOTm 


is tore life© a s<i^' mm' 'ten©e lia©> of Jjaafflonie content. 




ojpaiate fcaqpien* 


freqtj^acy i*e« film get© depos- 

, ' oor«»i»Bdl»« to « O«rt0*e 




A(r<? is used., a large nmiber 


^ 4 /' el«M^ implated (loaded 
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t2C, The 




©iniEffioidiEft as sisow in figure 
I iresulting in a tetter freq^usncy 
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hy 'Optical ne'ttMsd as dsacril^, ,4*’ %^peaSi3?-'^'';, ^ 

SRperifflent is ^^i^atsd a ^ ia aad chsQis® ^ freq_u^cy aswi 
of the film are detenuixsed, Bte calibration curve obtaAed is showi 
la Hgure 14a. Ihe curve shows the liaear relatioaship betwe^ -ilie 
ohMxge in f requaacy and the thickness . 

The procedure was repeated for silver as the filsx mate^hl. 
The oalibaaticn curve for silver isoihojin ihs;Etgui#bl4t>» ^se chrV^ 

'feese 'aateal^s wh^ ' the 


For a typical run foUcting are the ©bservatiotta and rs8Ul^» 


Material used if copper. 

;l^^^pipire::’''i33 .' evapojcatioa' ^saidS'er 

Current throu^ the filament 

Ifonitor crystal oscillator frequency > 
at the tin^ ,wii©n’ 'GtepO|^t||oh’:';S‘taf!fee';r;^ 

Frequency at the ^d of- dej^sitioa. 


10'*^ torr 
22 Amps. 

6556.5 KHa 




Frequ^acy of the reference oscillator - 65^*® 

Frequency raas^e selected for Mxiclasess 0 to 58 KHa 
meter ' ■ ' 

Frequency indicated on panel at i _ ggj. 

Frequency indicated at the end | 2.0,5 KHz 

7 of deposition ^ 

'-^gain ; S'elec^vl:^?.;;:^, . 


| » 2.0,5 KHz 
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Bate ^ 

■ffibae^'er'^eposi^ion'.' ■ 

iwa of the unitor ^tal 

eacposed to the e-vaporaat 






10 BW^sec * 

25 min-'e 

®t» e®»' 



^ 15.5 EHa 
a 5000 t. 

£ «: X ^ 



» 4-4 Ss/i^ 
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CHiPTER 6 
CONCLUSIONS 

A quartz crystal monitor for measuring thickness and rate 
of deposition of thin films has been designed and fabricated. A 
particular problem, namely the mode jumping problem, has been 
eliminated by employing ACC scheme in the monitor crystal oscillator 
circuit. Snploying ACC also leads to a stability in frequency better 
than 1H2/hour. The use of linear integrated circuits has minimised 
the component count and thus have rifesulted in a compact water cooled 
sensor-head, The idiole system has been made using ICs in view of 
superiority in performance and reliability. 

Experimental results show that mass sinsitivity of the 
order of guv^cm^ can be achieved. 
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CHAPTER 7 
PDTHEE WORK 

In-si tu measurement of thickaess and rate of deposition is 
made by the quartz crystal monitor fabricated. The monitor can be 
used with a compatible ^automatic rate control unit" (shown in 
Figure I 5 ) to control and stabilize the rate of deposition. The d-o 
signal proportional to the rate of deposition is compared with the 
reference rate-adjust d— c level and the error signal after amplifi- 
cation is made to control the triggering of the SCRs iidiich controls 
the evaporaUcn source power. 

Automatic control of thickness can be achieved by providing a 
thickness pointer in the thieloness meter and Tdien thickness 
indications becomes equal to the present value, a relay can be made 
to operate the shutter or cut-off power supply to the evaporation 


source. 
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Appendix A 


Determinatioa of thicicness of thin films hy lW.tiple-*Beaitt^InterferoiBeter» 

Primary meastirement of thickness of thin films has been 
by 

done Multiple Beam Interference. The technique of thickness measiire- 

A 

ment of thin films by Multiple Beam Interference is due to Tolansky. 
(1948» "^955) 1980), Optimization of the Tolansky technique is discussed 
by Hint (1 967). . The method is described briefly below. 

Thin film AB, in Figure 16a -tdiose thickness is required is 
deposited on a flat surface to cover only a part of the surface. Over 
this is deposited by evaporation, a film of silver 700 1 thick. It 
has been well established that such deposition contours the underlying 
stuface accurately. There is now a step in height separating and 
QR which is the same height as that of the film AB. This composite 
sTxrface is now matched, slightly -lii-ted, against an optical flat, half 
silvered or with a^high reflectivity^low absorption^ multilayer dielectric 
coating. This assembly is illuminated wdth parallel monochromatic 
light, from above, so that multiple beam reflection wedge-fringes are 
secxired. The step appears in fringes and can be measured accurately. 

The observed pattern of fringes is shown in figure 16b, If the fringe 
separation is B, the step in fringes is d and Ihe wavelength of the 
monochromatic light is A (in i ), then 

'V» thickness of the film » d ? 

~ X ^ f » •At 

The schematie for this method is given in figure 16c . 
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CA 3001 1 


Bon-Inverting 

Input 


AGO 


Features » 


12 Pi n ’ Wideband amplifier (Video Ampli^ 



for mode I) Fi.gure 17a 


. for use in video and comm, equipment 
. Balanced Biff. Amp with controlled constant current 
• Einitter follower input & output 
. optional 15 pt output coupling cap. 


A-pplicationa 

< Schmitt Trigger , DC, IP video amplifier 

* Mixer 

• Modulator 


Highlights , AGO range ... . . 

, Bandwidth ... . . 

. Input resistance . « . 

. Output resistance . , 

. Toltage gain .... 

. Input offset voltage . . 


60 dB tjrp. 

16 MHz 
50 appr. 

70 

19 dB typical 
1.5 mV typical 
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Bleetrical Characteristics t 


Operation j 
Mode I 

Supplied 

Positiv^ Negative 
supply I supply 
current 1 current 

Power } Single ended i 

Ids si- * voltage gain | 

pation * at 1 MHz | 

d( 5 , 4 » 5 ) 

±6 T 

8.7 rrvA 

-5.5mA 

85 mW 

I6.4 dJ 1 

! 



Figure 17-b 


Fairchild Type A 74 I 

Internally compensated operational amplifier 

Connections 


Off-set connection n 

N^with ^ , 5) 


Inverting © 2 - 

Input 

Hon inverting 
Input 


6 o Qsitput 



Off-set correction 
(with 1,4) 


Figxire 18a 



Electrical Characteristics 8 


± 15 


Ys = 
Topical 

Input resistance 1 M 

5 

Large signal voltage gain 10 

Output swing 2 KJl, 10 Y 



Voltage offset Hull Circuit Figure 18b 


Open Loop gain ~ Vs - frequency 



P vequtnCy 

Closed loop gain 



Figure 18d 
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Therefore A741 is suitable for low-frequency amplification 
with, gain as a function of feedback elements. 


Features » 


RCA 502 8A 8 Pin TO-q Package 



Figure 19a 


(1) Use in comm, and industry 

(2) Balanced diff. ampl. with constant current source 

(3) Single ended operation - only one power supply needed 

(4) Operation from BC to 120 MHz 

(5) Balanced - AGO capability 

(6) Wide operation current range 


Applications* (1) RF and IF amplifiers 

( 2 ) Converter in the commercial IM band 

(3) Oscillator 

(4) Mixer 

(5) Limiter 

(6) BC amplifier 




Ouij^ni \/o!!~s 
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for* -+9 volt supply 



.05 1.0 

V>^ -lua -te'fwivaoi 1 
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MC 1457 Dual Operational amplifiers 

Designed to use as summing amplifiers, integrators, or 
amplifiers with operating characteristics as 'of extemal 
feedback components. 


Features « 


. Hi^ performance 
open loop gain 


45,000 


. Large output -Toltage j 

swing for + I5 v 3 
supply “ j 


± 14 typical 


output impedence 30 


Eqtil valent 



gain 

TrAq[ 

I 

^2 




10 

500 mz 

10K 

100K 

1 . 5 K 

500pf.... 

20pf 

100 

300 KHz 

10K 

1 M 


lOOof 

3pf 

1000 

200 KEfe 

1K 

1 M 

0 

lOpf 

i ?Pf — .1 
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Eetriggerable Monostable I&ilti vibrator 9601 TT^L 

A Fairchild Compatible Current Sinking Logic Eroduct 

general description ? 

The TT L 96 OI is a DC level sensitive retriggerable 

monostable multivibrator vhich pro’/ides an output pulse 

Tshose duration and acctiracy is a ftaiction of external 

timing components only. The 9601 has excellent immunity 

to noise on the V and gromd lii..es. The 9601 uses 
c c 

TT L for high speed and high fan-ol.it capability and is 
compatible with all devices in the CCSL family of IC's. 

Features * 

(a) 50 ns to oe output pulse width range 

(b) Eetriggerable 0 to lOC^ duty cycle 

(c) Complementaiy D.C. level sensitive inputs. 

(d) Complementary outputs 

(e) CCSL compatible 

(f) Optional retrigger lock-out capability 

(g) Pulse width compensated for and temperature 
variations 
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Absolute Maxlmu Tn Eatings: 

V Ha Potential to Ground 
cc 

Input voltage D.C. 

Input current 

Voltage applied to output ^ 
tdien output is high / 

Current into output -wiien ^ 
output is low y 


-0.5 to + 8.0 V 
-0.5 to + 5*5 
-JO mA to + 5*0 
OV to + V value 

CC 

50 mA 


Dual-in-line package 

14 3 3 

□ n n .n n n o. 

* ' i 

tju U U U □ U ■ 

1 r 7 


Operational Rules 

(l) Range of R^ 10K to JOE 


Logic Diagram 



( 2 ) C^ may vary from 0 to aay value necessary and obtainable 

( 3 ) Output pulse width T, 



t 



T - 0.52 R^ C^ ( 1 + I. , ) . . (foj, 0 ^ greater than 10^ pf) 

THhere R^ is in E^ 

C is in PP 

X 

T is in nS 

Electrical Characteristics » 

Typical 25 mA (V = 5.5 V) 

CO 


Quiescent Power Supply Drain 





CA 3020 


Iftiltipurpose Wideband Power Amplifier 


PeatTxres . High power output class B amplifier 

• « 0 • 5 wsti/’fc 

» Wide freq^uency range upto 

,. 8 MHz 

, High power gain 

.. 75 db typical 

. . Single power supply for class B 

.. 5 to 9 7 

operation with transformer / 

Absolute Maximum ratings 


Dissipation at 25°C 

► 1 W 

4, 5, 6,7 ‘ 

. 300 mA 

^9,11 

10 ^ . 

20 mA 

Electrical oharacteristics 


Total ourrent drain (at V t= 97) . , , . 

cc 

, 21.5 mA 

P (v » +67) * . . . 

omax oc 

300 mW 

Input resistance .......... 

1000 typical 
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